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ABSTRACT 
Herring strocks were surveyed hydroacoustically and sampled 
&n San Francisco Bay from November 1983 to March 1984. A 
maximum of 12 schools entered the Bay and spawned between 
Qrtober 29 and March 20, although large schools (at least 
BOQO tons) occurred only from January 2 to March 14. Total 
birrmass estimate from hydroacoustic surveys wzs only 29  300 
-5 ,  compared with 67 040 tans durinq the 1982-83 season. 
Although different from MHR's biomass estimate from spawn 
deposition plus catch ( 5 9  000 tons in 1982-83 and 40 000 
tons in 1983-841, hydroacoustic estimates showed the same 
&eclining trend. 
h e  hundred-four samples, containing a total of 13 5140 
-rring, were collected with variable-mesh gill net and 
-ater trawl or obtained from the roundhaul and gill net 
fisheries. The normal pattern of decreasing mean length 
a?nd age of herring as the season progressed was observed. 
-1 schools that spawned in November and December 
rmrsisted primarily of 4- to 7-yr-old herring. In general, 
Ekz absence of large aggregations of older fish durinu most 
Imf the fishing season resulted in a poor season for the 
fleet. An encouraging sign was the strength of the 1982 yr 
class. These 2-yr-old fish completely dominated schools 
frm late January until the end of the spawning season, com- 
prising from 40 to 83%, by number, of samples. The 1981 yr 
elass (3-yr olds) was relatively weak, contributing no more 
&han 16% by number to any school sampled. 
Pcmr growth conditions during 1983 were evidenced by 
IenqkWage and weight/age relationships. For most ages, 
mean lengths were 5 to 10 rnm less than those of last season. 
might at age averaged 16% less than historical values and 
xamqed from 10% for 2-yr olds to almost 20% for 8-yr olds. 
Average fecundity was estimated from egg counts from 153 
unripe herring. Mean value was 220.9 eggs/g of fish + 4 .9  
egw f g 
A positive correlation has Seen ahserved for the past three 
seasons between the relative sbundance of young-of-the-year 
herring, as noted frcm nidwa~er trawl samples collected by 
the Department's Bay-Delta Project, and the resultant gear 
class strength of newly recruited 2-yr-old herring in San 
Francisco Eay's spawning stocks. Data from 1983 summer 
sampling indicate the 1983 yr class is relatively weak. 
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INTRODUCTION 
The Pacific Herring Research Project has two major objectives: 
1) estimate size (area) and biomass of each school of adult herring 
in San Francisco Bay using hydroacoustic methods; 2 )  determine 
length and age composition of each school. Additional research dur- 
ing the 1953-84 herring season included fecundity/weight ratios, 
weight/length relationships, and ternperatue and salinity profiles 
at a known spawning area, analyzing catch data of juvenile herring 
from the Department's Eay-Delta Project, and sampling herring from 
Monterey Bay and the gulf of the Farallones in the spring. 
\ Pre-season Field Sampling 
The spring herring fishery in Monterey Bay (Figure 1) was  sam- 
pled by Marine Resources Region (MF,R) personnel in May 1983. One 
sample of juveniles and adults was provided by the National Eari.ne 
Fisheries Service (N?IFS)  from a research cruise in the Gulf of the 
Farallones (Figure 1) in June 1983. The Bay-Delta Project donsted 
samples of juveniles from San Francisco Bay from June to Septero5-sr 
1SR3. Samples were frozen and delivered to the Menlo Park labor;?.- 
tory where they were thawed, measured, sexed if possible, weighed, 
and aged using otoliths. 
Pt. 
& 
nouticol miles 
Figure 1. Location of roring-summer herring ffshery, I4ont~::.?-.~ 
Bay, and Gulf o f  t h e  Farallcnes. 
Spawning Season Field Work 
Research Vessel 
The project vessel PANDALUS was used on 70 field days in San 
Francisco Eay from November 2, 1983 to April 2, 1984. MRH's 
KAZUNOKO I was borrowed on two occasions when the PANDALUS was 
not in service. 
Acoustic Monitorinq 
Hydroacoustic surveys were conducted 3 or 4 d each week 
using a Raytheon model DE-719B recording fathameter depth sounder. 
Areas surveyed included central San Francisco Bay and the Golden 
Gate bounded by the Richmond-San Rafael Bridge, Oakland-Bay Bridge, 
and Pt. Bonita (Figure 21,  hereafter referred to as North Bay, and 
southern Bay waters between the Oakland-Bay Bridge and Hunters 
Pt.(Figure 21, hereafter referred to as South Bay. Acoustic muni- 
toring was conducted at a speed of approximately 8 kn. 
Herring schools were plotted on charts of San Francisco Bay 
using a combination of calculated horizontal school dimensions and 
bottom depths from acoustic tracings, and compass bearings from 
known landmarks. A Housten Instrument HI-PAD digitizer, using the 
Basic program "HIPAD", was used then to calculate surface area of 
schools or portions of schools with approximately uniform density 
and height in the water column, based on visual examination of 
acoustic tracings. 
Density estimates (tons110~ ft2) were then assigned to each 
school based on calibration factors developed during charter of a 
- commercial purse seine vessel in 1933 (Reilly and Moore 1983). 
I 
C 
flgurz 2. Pacf f i c  herr ing acoustic survey and sampling areas i n  San 
i 
! .  Frarici sco Cay, I 383-1 984. 
i 
1 
Finally, school biomass was calculated for each school surveyed. 
Our m&hod of "visual integration" was not precise, systematic, or 
easily reproduced, but it functions as a first approximation of an 
independent assessment of biomass. 
Sanplins sear tvaes 
Gill Nets. During the season, nylon multifilament, variable- 
mesh gill nets were used to sample herring in depths from €. to 60 
ft. From November 21, 1983 until January 18, 1984, and again on 
Febraarg 16, the mesh array consisted of five 10-ft long by G - f t ;  
high panels with mesh size 1.5, 1.75, 2.0, 2.25, and 2.5 in. From 
January 20 unt-il the end of the season, a 60-ft long net was used 
with an additional panel of mesh size 1.25 in. Nets were anchored 
and marked by floats. Soak times varied from k3 to 86 min. 
Eidwater Trawl. 
A 12-ft  square (mouth-opening) double warp midwater trawl with an 
0.5-in. stretched mesh cod end was used to obtain herring sampl.es 
thrcmqhout the seasan. Increasing the amount of cable on the 
winches to 500 ft and increasing tow speed to approximately 1800 
R P k  or 2 kn greatly improved the efficiency of the trawl. Tow 
I 
duration ranged from 10 to 30 min depending on the density of fish. 
Comercia1 Fishery. From January 23 to March 7, 1984, samples 
were obtained from purse seine and lampara boats in the process cf 
catching herring. Fish were collected with a brail as they were 
brought to the side of the boat. On several. occasions, samples were 
obtahed from a bin at an offloading dock. 
From Noveder 30, 1983 to February 20, 1984, additional saaples 
w e r e  abtained infrequently from gill net boats. 
xield Prlocrrssinq af Sampl.es_ 
Bndy lenqth (BL). the Department's standard measurement for 
berriny ISprakr 1981;, was determined to the nearest millimeter from 
the tip of the sr.out to the end of the pignent underneath the last 
column of scales on the caudal pedrxncle. Fish w r r e  sexed and 
assigned a makurity c d e .  Fema4.e~ were classified as either unripe, 
mature, or spent; ~ a h s  were classified as either mature or spent. 
Saxples w e r e  separated by 10-mtn size classes and 17 to 25 fish pcr 
size class were retained f r o m  each school for auing. This strati- 
fied randam sampling far age cnnpnrition allows us to age more older 
fish, rwhich occur infrequently in rand.am samples. ?dl variable-mesh 
gill net samples w e r e  separated by mesh size. Additional unrir-.,? 
fenales were retained for fecundity s tud ies .  
Ternperait;ure and Salj-n?tv Profiles 
- 
P 
~ ~ : y . ~ r a t u r e  and salinity prwfi1.e~ ti.i?.tre determined on mast field 
days r,:ar thc Peninst~2a Foin t  buoy In San Francisco Ray (Figur~ 21 
U S ~ ~ T  z Xartek ,%rk VI Hater QttaPi tg  P-nnl.:,rzer. Erxdinqs. F;P~E? tiilken 
frm t h ~  surface to apprijximatcly 20 n ct 5-n intervals. Prafilec 
also hire obtained j-nf rsquentiy at other Bay locations. Salinity 
profiles were not taken f r o m  N o - . - e m b e r  2 to l3ecember 12, but surface 
water ~arn~les, were t ak~n  and s a l i n i t y  was determined by United 
S t a t ~ s  G e d o g i c a l  Survey in Pafo Alto, Californi~. T ~ ~ i p e r a t u r e  prg- 
i i les  =ere nat obtained Zrcm Ncve&cr 16 to 30 and frca DecaXber 7 
t~ 12; surface temparakures wzre  determined with a centigrade ther- 
I~s.*:.?e'zer. 
Laboratory Processing of Samples 
L e n ~ t h  and Weiqht 
Ml herring samples were returned to the Men10 Park laboratory, 
frozen, and thawed before processing. Frozen/thawed lengths were 
matched with fresh lengths from the field or a correction factor, 
calculated last year, was applied to account for shrinkage. Fresh 
or corrected lengths were used in all data analyses. Weight was 
determined to the nearest 0.1 g on a balance; we found no signifi- 
cant difference between fresh weight and frozen/thawed weight. Fish 
that were spent or partially spent were not weighed. 
Fecunditv 
Ovaries from unripe females were placed in 5% fornalin far a 
minimum of 1 wk. They were then rinsed in water, blotted dry, and 
weighed to the nearest 0.01 g. Two subsamples, weighing appraxi- 
mately 0.5 g each, were then counted from each pair of ovaries; gen- 
erally this involved. about 1000 eggs. Total number of eggs was thnn 
calculated. 
O f m l  i tha  
Otoliths were removed from herring, cleaned with fresh water 
then ethanol, and stored dry in gelatin capsules. Otoliths were 
read h ethanol under a dissecting microscope by two readers inde- 
pendently. When disagreement concerning the age of a fish occurred, 
the first reader would read the otoliths again. If otoliths were aZ 
pour quality, or agreement could not be reached, the age determina- 
tion was not used. 
Assimed Aqe. by LenrxQ 
Ages were assigned to lengths of fish (2-mm intervals) not; 
a g e d ,  based on the relative percentage composition of ages (from 
otalitks) far a particular size interval. All fish not aged were 
ccr&ind by assigned school numbers before ages were given to 
lengths. 
Ass5qe(rS S c h o l  Nurnber~ 
A school number was used to define each school that spawned in 
Sam F~ancisce Bay. Each sample oZ herring was asaigrind to a school 
based a-: ,z co~hination of factors: 1) temporal data. fwam MRR' E; egg 
depo~lt2~z surveys, Z f  hydroacoustic ob~ervaticms of spawning events 
and ~z'fncsolirrg patterns, 3) examinz.tion ~f daily 1.andings of the ccm- 
rnerci.~ l f leek  and a Laowledge o l  t h c i r  f islrixry locations, and 
4) ~ i s c ~ t l l a x ~ ~ c n u s  i fornakion f t-0x1 cnnversaLians with fisherman. 
Computer Fr-oce ssing uf Saxples 
Length ara3.  sex data f ram 311. herring sz.:.,plns w=re cntered in a. 
Radf Q ,Sha.c D ' S  -& mi c r ~ c c r m ~ ~ ~ ~ r = r  , ;hd  (2 l I , ur; .i .:? a pro;.wam dsvel.oi>ird 
Zar each sa2pf~. Additional f i l e s  were created for age-length, age- 
I 
tseigh't:, and length-weight data u.sing a D i g i t a l  Rainbow 100 mi.crclcom- 
Airport for use in determining if a relationship exists with spawn- 
ing events. 
Juvenile herring catch data from the Department's Bay-Delta 
Project  were exantined for a possible relationship with the abundance 
of 2-yr-old fish in San Franci~co Bay spawning runs. 
FEULTS AND DISCUSSION 
Honterey Bay Spring Herring Fishery 
Only one sample was obtained from t.he Mcmterey Bay fishery 
(Table5 1 and 2). This sample was similar to those from last year 
in that most; fish were betwen 160 and 190 mrn BL and consist;ed of 
only three year clazses of adults ( 2  yr and older). Age compositicsn 
is consistent with tha t  of &he San Francisco Bay spawning population 
in that the 1981 yr class f Z + )  is relatively weak compared with the 
1980 yr class (3+)  (Heihly and Moore 1983). 
MJZS Gulf of the Faral.lones Cru. ise  
One sa~pfc csllect~d by N?IFS personnel contained a rnixcd com>o- 
sition of herring ( l ' z b i ~ s  1 and 2 ) .  Unlike the I.l~nterey Bzy s;r..plc, 
a high percentage of 1932 yr class (1-t-) herring uccurred in t;--z 
sample; this was the first indication of a strong year class of new 
recruits that would enter the winter roe fishery as 2-yr olds. 
Consistent with the Elantereg Bay sample, the 1981 yr class (21-1 is 
relatively weak camparei with the 3+-yr-old fish. 
Acoustic Monitoring 
51i-marv of Hcrrinq Sch~sZs in San Fra_n__cisco Eay- 
-- - 
We detsrrnineef tha-c a masixurn of 1 2  schools entered Fan 
Francf sca L'ay d w l n y  the 1983-84 spaxtij.ng seaFon (Table 3 i . Sc'rrcmLr 

TABLE 3. S l n o ~ y  of Herr!.lng Schools i n  San Francisco Bay, lovember 1983 
to March 1984. 
MRR spawn Hydroacous t i c  
Ass Bgned btmass Comercdal biomass Schcol 
sdaaJr,l Spawning Spawnlng estimate catch estimate surface2 
nmker dates l o c a t i o d l  (tons) (tons) ( t o n s )  area (ft ) 
1 kt 29 KC 2 0 - - 
2 Cdov 28-29 BELY 280 0 2- 1.3 x 106 5/ 
5 Jan 2-4 SAUS 21 00 475 5300 5.3 x 10' 
6 Jan 9-13 SF 495 170s'  8.5 x 10 6 
7 Jan 2.5- SF 21 000 390 9400 4.8 x 10' 
Feb 2 
8 Feb 19-21 RICH 60 285 1200 7.4 x lo6 
9 Feb 17-24 SF 10 000 430 8000 4.3 lo7 
10 Feb 25 SAUS g/ 505 1700 1.1 lo7 
11 br11-14TI6,S;RUS 4000 21 5 1 OOQ 1.8 lo7 
82 Mar 19-2d1 ? 0 - 0 80 6.7 x lo6 
14 legend: 5ELV-Belvedere Cave; KC-Klel Cove; RICH-Ri chardson Bay ; 
SF-San Francisco; SAUS-Sausalito t o  Yellow Bluff; TIB- 
Tiburon. 
.Srpah%fn. appamntly ocosrred, based on occurrence o f  s ~ e n t  f i s h  in 
m4dwater t m 1  sample; :however, MRR surveys yielded no spawn deposition. 
Y F4shermn i&oned us df a weekend spawn inmediately fcllowinb a peak i n  
peurse seine and lanpsa met landings durt'ng the previous 2 d 
FRR surveys could mt fimd any evidence o f  spawn nor did we capture any 
srrrent f ish.  
s* A small sdml was present between Sausalito and Belvedere from :.?arch 16 
.ko 19. The capture o f  CL spent female on March 21 and the absepr,? of 
acoustfc traces after kmh 19 indicate tha t  a spawn probat?!-1 rs.-urrec!, 
but we do nat know whwe o r  when. l?RR spawn surveys terri na t:- r lrch 75, 
9 Entire schoal prcbably ras not detected prior to  spawn; ~s .: !!-a:: giver! 
1s o f  m a x i m  biomass mni tored hydroacousti cal ly b u t  most i f ksiy 
s lgn i f  i ~ n i t ' l y  underest-tes total school biomass. 
were not always discrete and occasionally two schoolsl or two  part^ 
of the same school were present simultaneously in North and South 
%y waters. Large and rapid movements of a school during a tidal 
cycle compounded the problem of school identification; therefore, 
the number of schools may be a moot point, particularly when con- 
sidering the similar size composition of schools occurring in 
February and March (Tables 4 and 5 )  and the temporal overlap of 
spawn events in North and South Bay. However, identification of 
schools is an organizational tool for integrating separate biomass 
estimates and following size and age composition throughout the 
season. 
On November 2, our first field day, we discwered eggs attached 
to Gracilaria and Ulva in Kiel Cove. W i n a t i o n  of embryonic 
development placed the date of spawning on October 29, more than a 
week earlier, but in the same location as the previous 2 yrsF first 
spawn. We have yet to obtain a sample from or estimate the size of 
this achool. 
Very little acoustic activity, with the exception of character- 
iatically "spikey" anchovy traces, was observed during the first 3 
wk in November. Small porrtions of school 2 were detected on 
Povember 18 and 21, and on the latter date we captured our first 
adult herring. School 3, the first to be fished by the commercial 
pill net fleet, came in t w o  waves and spawned on December 7 and 13. 
A larger school ( 4 )  was discovered between Angel Island and 
Treasure Island in depths of 60 to 90 ft on December 16. Gonads of 
herring in this school ripened during the next 2 wk and spawn- 
ing occurred December 28. We obtained a good acoustic trace of 
school 5 ,  the first large school of the season on January 2, and 
spawning occurred during the next 3 d. Up to this point, all 
schooling and spawning was confined to North Bay waters. 
School 6 was present in the Bay from January 5 to 13. Retween 
January 6 and 8 the school moved from the Sausalito area to the 
South Bay. Gill netters landed 489 tons between January 9 and 13 in 
the South Bay; spawning apparently occurred, based on the occurrence 
of spent fish in our midwater trawl sample, but (hiRR) spawn ~amplers 
could not locate any eggs. 
A new large school was detected near Alcatraz on January 14. 
For the rest of the month this school moved around the Bay, 
apparently split at one time, and was  available to the woundhaul 
fleet near Sausalito as well as to gill netters in the South nay. 
Spawning occurred from January 25 to February 2 only in South BAY. 
For this reason the school was assigned one number (7). 
The schooling scenario was less clear in February. Eekween 
February 3 and 17, t w o  d.i~tinct schools were present, although it 
was impossible to determine if mixing occurred periodically. O r i s  
school (9) moved between Alcatraz and Hunters Point in the Euuth Eay 
and the okher (8) was ob~erved in the traditional holding al-ea in 
Raccaon Strait and near Sausalito and Tiburan. School 9, tha larger 
of the two, spawned February 17 to 24, again in South Bay; the 
North Bay fish spawned subtidally.on sparse Zostera and Graci,f.arj-a 
in Richardson Bag from February 19 to 2L. 
Fishermen told us of a new school (10) outside the Golden Gate 
on February 17. On February 20 we surveyed it between Pt. Bonita 
and the Golden Gate Bridge. Roundhaulers fished this school until 
February 27, and a light spawn occurred along the Sausalito shore- 
line, probably from February 25 to 27. 
The temporal and spatial proximity of schools 8, 9, and 10 made 
it difficult to determine their discreteness. Compounding the prob- 
lem was the detection of a school February 23 inside the Golden Gate 
Bridge, but on the south side of the Bay near the Palace of Fine 
Arts. A midwater trawl sample showed this to be adult herring mixed 
with 40% anchovies by weight. Me believe that this was a residual 
of school 9 from South Bay. 
The last significant spawn of the season occurred March 11-14 
between Tiburon and the Golden Gate Bridge. Part of this school 
(11) was first detected on March 2. Between March 16 and 19 a small 
school (12) was present near Sausalito and Belvedere. The capture 
of a spent female on March 21 and the absence of acoustic traces of 
herring during the rest of the month indicate that these fish prob- 
ably spawned, although we do not know where, 
Four herring were collected on April 2; however, the rest of 
the midwater trawl catch, approximately 2000 anchovies, influenced 
US to end field work. Traditionally, anchovies replace herring as 
the dominant schooling fish in the Bay during March or April. 
Acoustic Biomass Estimates 
Biomass estimates for herring schools in which we feel the 
entire school was surveyed ranged from 45 to 9400 tons (Table 3). 
We did not acoustically monitor school 1 and probably did not detect 
the entire school for schools 2 and 6, Ideally, if both MRR's spawn 
deposition method and our hydroacoustic method were precise and 
accurate for estimating biomass, the'sum of the commercial catch 
plus the spawn ckpositian (i,e. e~capement) estimate should equal 
the hydroacoustic estimabe for each school, assuming all fish in the 
school ripen and spawn, However, there is unknown variation in both 
methods and herring s c b o l s  may not behave as discrete units. Our 
total biomass estimate of 29 300 tons must serve as the best 
independent assessment for comparison with MRR's estimate. The 
latter has been used each of the past 11 seasons to set catch quotas 
for the followiny season. Last year, hydroacoustic and spawning 
bio-ss estirratas (catch plus escapement) were approximately 67 000 
and 59 000 tans, respectively. This year the totals are 
approximately 29 000 auad 4-0 000 tons, respectively. Although these 
estimakes differ withinn wrh year, they support one another by 
indicating a decline from the  1982-E3 season to the 1983-84 season. 
This decline is Larqely a result of the lack 015 spawning in 
NovemMr and December 1983. During the previous season approximately 
14 000 tans [MRR estiaatc) of herring spawned before January 1. This 
seas-, MfiIt surweys yielaied only 425 tons by the same date. It is 
possible that tltcre effects eaf El ~ i r o ,  which shifted the distribution 
of many marine w c i e s  n~rtbward, may have caused the displacement 
of the local spawning papILEkations in the! first part af t h s  season. 
Herring Samples 
h e  hundred-four sanrplcs of adult herring were colisered i r t  tan 
Francisco Bay fcom Irlawembe~ 21, 1983 to March 19, 19B4 (Appendix A); 
these cm.tained a total orf 13 940 fish. Herring were sampled from 
every school except nuerber L. Commercial gill net. samples are 
biased due to mesh seleckivity and were not included in size and age 
composition &a- coaibizwa3 by school. However, datqfram these 
samples were used for age assignments by length for s i z e  intervals 
>ZOO mm BL and for a gill net selectivity curve. 
- 
Size Composition 
Variable-Mesh Gill Net Samwles. Our 5- and 6-panel gill nets 
collected a total of 2223 herring in 37 samples (Appendices B and C) 
from all schools except 1 and 10. A sample consists of all herring 
collected with this gear type in the same area in one day. The suc- 
cess of this gear was less than that of last year primarily due to 
increased pilferage by California sea lions. Samples were grouped 
by assigned school number and showed the traditional trend of 
decreasing mean BL as the season progressed (Table 4). School 7 
(late January) was the first to contain significant numbers of 
herring less than 170 mm BL. Later schools showed a decrease in 
larger fish , Schools 2, 3, and 4 contained 32% 2 2 0 0  mm EL, while 
schools 8, 9, 11, and 12 only had 2% 2200 mm BL. Mean BL for 
~chools in February and March (161 to 171 mm) were much smaller than 
in the same months last year (178 to 184 mm). 
A series of gill net ~electivity curves was generated for the 
1.25-, 1.5-, 1.75-, 2.0-, and 2.25-in. mesh sizes by month (Figures 
3-7); only four fish were captured in the 2.5-in. mesh. Although 
monthly m e a n  lengths varied for each mesh size, the catch curves are 
fairly similar and the means do not overlap those from another mesh 
size. There was a consistent trend of decreasing mean BL within 
each mesh size as the season progressed. Mean BL data by mesh size 
from the past three seasons are summarized in Table 5. 
Midwater Trawl Sam~les. Midwater trawl sampling was very suc- 
cessful with 4311 herring collected in 24 samples (Appendix Dl. 
TMkE 4.  Number of Padf7.c Herring by Body Length (2-mm Intervals), 
Combined by ks%gned School Number, from 5- and 6-panel 
Variab'le4esh Gill Net Samples, San Francisco Bay, November 
1983 to &rch 1m. 
Assigned school number 
5 6 7 8 9 11 12 
f4 14 50 327 154 154 709 94 582 126 13 
Mean 201.8 195.8 194.1 185.7 186.5 174.6 171.0 164.9 161.3 165.5 
Std.dev. 10.4 12.4 0 . 4  11.7 13.9 17.3 18.0 13.2 16.9 10.7 
*Location o f  median b d y  length 
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Figure 3. Percent s i ze  frequencies (2-mm in te r va l s )  from 1.25-in. 
mesh g i l l  net  samples, San Francisco Bay, January t o  March 
1984. 
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Figure 4. Percent s i ze  frequencies (2-mm i n te r va l s )  from 1.5-in. 
mesh g i l l  net  samples, San Francisco Bay, November 1983 
t o  March 1984. 
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Figure 5. Percent s ize frequencies (2-mm in te r va l s )  f rom 1.75-in. 
mesh g i l l  net  samples, San Francisco Bay, November 1983 
t o  March 1984. 
figure 6. Pemnt size frequencies (2-mm intervals) from 2.0-in. 
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Figure 7 .  Percent size frequencies (2-mm i n t e r v a l s )  from 2.25-in. 
mesh gill net samples, including comnercial gill net, San 
Francisco Bay, November 1983 t o  January 1984. 
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TARE 5. Sumnary o f  Mean Body Length by Mesh Size from Variable-Mesh 
G i l l  Net Samples from $an Francisco Bay, 1981 t o  1984. 
Mesh s i ze  ( I n )  
1.25 1.5 1.75 2.0 2.25 
Month/year N Mean BL N Mean EL N Mean BL N Mean BL N Mean BL 
Jan 1982 - - - - - - 345 190.6 77 207.6 
Feb/Mar 1982 - - 198 165.1 455 175.1 352 192.2 40 200.3 
Nov/Dec 1982 - - 89 168.6 631 186.4 737 200.1 266 211.9 
Jan 1983 - - 510 163.7 817 180.7 501 195.3 145 204.9 
Feb 1983 - - 260 165.7 452 181.1 227 192.0 39 202.8 
Mar 1983 - - 50 169.2 242 180.1 115 191.8 12 203.0 
Nov/Dec 1983 - - 17 173.3 158 189.6 173 198.7 26 205.8 
Jan 1984 15 147.4 293 160.7 371 180.7 210 194.9 27 202.2 
Feb/Mar198441 140.4 448 158.7 223 177.2 41 193.9 - - 
Weighted grand 142.3 162.9 181.2 195.3 207.6 
mean 
- Schools 1, 2, 3, and LO were not sampled with this pear. Trawl sam- 
plea indicate a radical change in ~ i z e  composition beginning with 
scbool 7 and a relative scarcity of larger fish in schools 8, 9, 11, 
and 12. Although these samples ehow the same general trend as the 
gill net samples, combined school means (Table 6 )  averaged 4-5 mm 
less than those from the gill net. This indicates a bias which may 
be due to any of the following: 1) over-representation of larger 
fish in the variable-mesh gill net samples; 2 )  under-representatian 
of smaller fish in the gill net samples; 3 )  avoidance of midwater 
trawl by larger fish, For example, for schools 7 to 12, trawl 
w p l e s  contained 6.5% (140 mm BL, while gill net samples contained 
only 1.6% (140 am Bt. Trawl samples from schools 8 to 12 had only 
0.3% 2200 lam BL, compared with 2.0% in gill net samples, 
Purse Seine and Lamrtara Net Sam~les. Me measured 6294 herring 
f r a m  30 samples (Appendix El, taken only from January to March when 
the roundhaul fishery was open. Thus, combined sample means for 
assigned schools &re fairly uniform (Table 7) due to the occurrence 
of large numbers of smaller fish. School 7 was heavily sampled by 
all gear types and consistently showed a depression in the size in- 
terval 170-179 mao EL. This is the result of a relatively weak year 
class and is discussed later. Sample means from the roundhaul fiah- 
err averaged 2 ma greater than those from the midwater trawl and 5 
asap less than those from the variable mesh gill net far the same 
schools. R w ~ d h u l  samples are assumed to be unbiased; therefore, 
it is likely that gill net samples do over-represent larger fish. 
The differences between trawl and roundhaul samples are small. Only 
0.68 of roundhavl fish from samples 8-11 were 2200 mm BL, compared 
with 0.3% from trawl samples. 
TABLE 6. Number of P a c i f i c  Herring by Body Length (2-mm Intervals), 
Combined by Assigned School Number, f rom Mldwater Trawl 
Samples, San Francisco Bay, December 1983 to March 1984. 
S I  re 
Interval Asst gned school number (rmn ) 4 5 6 7 8 9 11  12 
N 157 
k a n  186.9 18518 182i6 165.2 157.3 156.3 161.6 158.4 
Std.dev:14.9 17.4 14.8 17.8 14.3 11.9 15.3 11.9 
-flotation of median body length 
TABLE 7. Number o f  Pacff #c Herring by Body Length (2-mn Intervals) ,  
Comblned by kslqned School Number, from Purse Seine and 
Lampara Net Sampk~,  San Frandsco Bay, January to March 1924. 
51 ze 
I ratewal Assigned 5ctm01 number 
(m) 7 8 9 10 11 
709 2416 267 1438 1'464 
169.3 160.8 161.4 163.9 160.3 
Std. dev. 17.3 13.3 11.9 14.8 14.4 
q o c a t i o n  o f  median k ~ d y  'length 
Commercial Gill Net Samnlea. Thirteen samples were obtained from 
the gill net fishery from November 30, 1983 to February 20, 1984 - 
(Bppendix F). All but the last sample came from schools 3, 5, 6, 
ard 7 and size composition within each mesh size (2.25 and 2.125 
in . )  was fairly uniform. The selectivity curve from the 2.25-in. 
mesh (monofilament) is close to that of our multifilament 2.25-in. 
mesh (Figure 7). 
Sex Ratios 
Samples from the variable-mesh gill net show a decreasing pro- 
portion of male herring with increasing mesh size for all months 
( W l e  8, Part A). In addition, the relative proportion of females 
w5thin each mesh size increased as the season progressed. These 
trends are likely due to the earlier maturation of smaller, 2-yr-old 
Hales and their resultant recruitment to the fishery. Assuming an 
equal sex ratio at birth, a higher percentage of males reaches sex- 
ual maturity and spawns as 2-yr olds. These fish, of course, will 
Be caught in the smaller meshes of our variable-mesh gill net. 
Sdective fishing mortality by the roundhaul fleet on more 2-yr-old 
males than females would later result in a higher proportion of 
older females caught in our larger meshes. The seasonal trend with- 
in  a mesh size is also due to the delayed entry of many 2-yr-old 
females to the spawning grounds. For example, in midwater trawl 
samples, females comprised 27% of all fish less than 150 mm B1 in 
3km.mry, 37% in February, and 57% in March. 
Roundhaul and midwater trawl samples both show an increasing 
percentage of females as the season progressed (Table 8, Part B). 
TA0I.E 8. P e m P a g e  Sex Composition o f  Pac i f i c  Eerr ing Samples by Gear 
T p  f r o m  San Francfsco Bay, November 1983 t o  March 1984. 
Part A. Variablilt mesh gtll net. 
Percentage mates (H) 
Mesh size ( i d  
Month 1.25 1.5 1.75 2.0 1 / 2-25 a l l  meshes- 
Percentage females (N) 
flesh size ( i d  
P h t h  1-25 1.5 1.75 2.0 2.25 al lmeshes-  1 / 
Hov-Dec - 17.6(3) 46.5(74) 57.8(100) 57.7(15) 53.2(216) 
Jan 28,8(3) 32.8(96) 48.2(179) 65.7(138) 85.2(23) 48.4(485) 
'Fgb-Rar 17-1 (7) 4l.7(187) 60.5(135) 80.5(33) 100.0(2) 48.6(396) 
Part B. b d m l  and midwater trawl 
Pementage ma 1 es ( N )  Percentage females (N ) 
Month RH MT fU4 MT 
OJov-kc - 64.6(117) - 35.4(64) 
Jan 63.;131(305) 59.2(983) 36.9(178) 40.8(678) 
y~nclu&s r i s a e l l a ~ e o u s  f i s h  t h a t  f e l l  out o f  the net and c o u l d  n o t  be . 
categorized by mesh size. 
Another factor in this trend is the earlier appearance of the lar- 
gest males, also noted last year. fn midwater trawl samplers from 
. 
schools 4, 5, and 6, 60% of fish 1200 mm BL were males, while for 
schools 7 to 12 from trawl and roundhaul samples, only 36% of fish 
>200 mm BL were males. 
- 
Neiqht and Lencrth 
Weights and lengths from 1570 herring collected from November 
1983 to March 1984 were used to generate the following equations 
using natural log transformations: 
A For ripe males: 
For ripe females: 
For unripe females: 
In W = -12.52 + 3.26 In L, r = .99, N = 189 
For all herring: 
In H = -11.94 + 3.14 In L, r = .98, N = 1570 
Predicted weights at length for ripe males and females and for all 
herring combined are presented in Appendix G. Spratt's (1981) equa- 
tion for weight of herring taken in San Francisco Bay from 1973 to 
1977 is as follows: I 
In W = -12.36 + 3.23 In L, r = .95, N = 1070 
The 1983-84 data represent a decrease of 4 to 7% in weight at length 
from earlier values, most likely a result of El ~ i X o  and poor growth 
conditions. 
recundi tv 
Fecundity estimates were completed for 153 unripe herring 
collected from November 1983 to March 1984 in San Francisco Bay. 
Body lengths o f  sawpked &taming ramged from 111 to 228 
fecundity e~timates ranged! f r o m  38kO to 43 760 (Figure 
HI, although these twa ast%natea &id not correfipond to 
mra, 4Wld 
8, Appcndh 
the above 
lengths. Average lmgY;b, weight, and number of eggs for all fish 
sampled were 177.5 am, a2-2 g, axad bB 351, respectively. The mean 
of 153 ratios of egqfwe3ght was 220.9 eggs/g with a confidence 
interval of 2 4.9 eggsfg, bmis value was used by MRR in 1983-84. 
Fecundity calculaked b~ Kawd-wick (2.9731 from 10 females from Tomales 
Bay was 227 2 50 eggsPq. '7Eh.i~ ~a12041 was used by MRR to estimate 
spawning biomass until -is season, Our regression of weight on eggs 
was as follows: 
number eggs = -=35.5 + 249.1 x weight (g) , r = 0.97 
Aqe Cmposition 
Pairs of otolith ~ E J Q ~  aged from 1602 adult herring from vari- 
able-mesh gill net, damalter trawl and roundhaul samples (Table 9); 
ages ranged f r o m  2 Lo B pr. An additional 134 large herring were 
aelected far aginug fr- t b  com~~~ercial gill net fishery (Appendix 
I). n e s e  fish =re umxl to fill out upper size classes in our 
stratified randamn saapXdng procedures for age composition; this 
allows us to arsaign ;us. age ta large Qish in a sample from another 
gear type that could m k  aged by otoliths. 
Mean BL at aqe r q d  EYOX 153 suu for 2-yr olds to 214 mm for 
8-yr olds (Table 9 ) .  Fora particular age, herring mean lengths 
were from 5 to 10 nm &is ttkan tbat of last year, with the exception 
of 3-yr olds (Table 1Q3- Elhis &eflects poor growing conditions most 
likely caused by the k3S3 El N h o  awent. Another way of examining 
growth patterns Is to amqmre the prcaportion of fish in a particular 
. size interval for a ~ -z t&  age for those size intervals above the 
mean. For example, h w k  mason 
> 

Irlder o f  PaciT'ls Herrlng st Age by Body Length (2-m Intervals) 
frm All San Frandscc Bay famples (Excluding Ccanerdal 6111 
Ilct), Novenrha 1983 to Mar& 1984. 
TABLE 10. Age, Length, and Keight Relationships f o r  San Francisco 
Bay Herring. 
Historic 1982-1 983 1983-1 984 
Age(yr ) mean lenqth (p)y,, mean 1enq t h ( r n m ) g  mean 1 enqth (m) 
Hfstoric 1983-1 984 
Age(yr) mean w e i g h t ( g ) y  . rnean weight(g) Percentace difference 
2 52.3 47.3 9.6 
3 77.3 68.3 11.6 
4 99.0 81.6 17.6 
5 118.7 99.7 16.0 
6 136.8 111.4 18.6 
7 154.3 127.8 17.2 
8 168.5 135.6 19.5 
y ~ a t a  from 
Zl~ata  from 
regressions I n  Spratt (1981 ) . 
Reilly and Moore (1983). 
(1982-831 40% of 4-yr alck were 1190 mm BL, 52% of  5-yr olds were 
>200 nn BL, and 44% of 6-jw alds were A210 mm BL. The corresponding - 
percentages for this seasan are 14, 26, and 10, respectively. 
Variable-Mesh G ; i I L  Net Sam~les. Herring schools sampled 
by variable-mesh gill net .in November and December (schools 2, 3, 
and 4) primarily consist& of ages 4 to 7 yr (Table 111, similar to 
last year; these year rlaswes comprised 97% of the samples. How- 
ever, unlike last year, there were relatively few fish in the early 
spawning runs. As the seasan progressed, the percentage of 2-yr 
olds increased steadily, while fish 5 yr and older, and eventually 
4-yr OMS, declined in relative ~ ~ a n c e .  The 1981 yr class (3-yr 
olds) was consistently 1- in percentage composition by school, 
tJhile the 1982 yr elass (2-rn olds) was unusually strong and domin- 
ated sanples beginning in Za*e January (school 7 ) .  The poor showing 
of the 1981 yr class is cansistent with last year's samples, in 
which, as 2-yr olds, percentage composition was approximately 15%. 
Rbundhaul and Midwater Trawl Samples. The same general trends 
were present in age ccmpatii.ti;on as with the gill net samples (Table 
12)- Mauever, roundhaul aard trawl samples showed higher proportions 
of 2-yr-old fish and in aaa& cases lower percentages of fish 5 yr 
and older for the same bichmp31. It is assumed that roundhaul samples 
are unbiased and results f m  trawl samples are fairly similar; 
thus, gill net scamplea mast likely under-represent the proportion of 
2-yr oldo in the a&ools a d  over-represent the proportion of older 
fish, This effect is mst pronounced when age composition is most 
mixed, as in schools 4, 5, and 6, or when gill net sample size is 
sUELllc as in schoal 7 .  Hawever, when age composition is dominated 
TAN.€ 11. Age Compost Mon of '  h o i f l c  Herrlng Samples.. h b l n e d  by Astlgned School Number, Based on 
Otoll th Aging and Subsequent Age Assignments by Length, from VariableMesh Gill Flet i n  
San Francisco Bay, Ravember 1903 t o  March 1984. 
School Number a t  age (years) 
number 2 3 4 5 6 7 8 Total 
Percent a t  age (years) 
2 3 4 5 6 7 8  
Nuwber 
aged 
14 
49 
174 
6 3 
103 
157 
2 7 
18 
3 
4 
Number 
ass  fgned 
0 
1 
153 
91 
45 
556 
67 
559 
123 
9 
TABLE 12. Age Composition of Pac i f ic  tierring Samples, Combined by Assigned School Number, Based on 
Otolith Aging and Subsequent Age P.ssignments by Length, from Widwater Trawl and Commercial 
Purse Seine and Lampara Net Vessels i n  San Francfsco Bay, Deternber 1983 t o  March 1984. 
'School Number a t  age (years) 
n u ~ b e r  2 3 4 5 6 7 
4 16 24 28 59 25 4 
5 . 8  8 1 6 2 4  8 3 
6 44 25 85 88 26 1 
7 1157 231 347 247 69 2 
8 2445 374 270 139 33 3 
9 1070139 73 30 7 
10 939 171 210 100 16 1 
11 1334 222 181 95 25 
12 147 12 15 1 2 
Percent a t  age (years) 
8 Total 2 3 4 5 6 7  
Number 
8 aged 
1 106 
6 6 
138 
.T* 126 - 
148 
1 
221 
136 
72 
Number 
assigned 
5 1 
1 
131 
1929 
31 16 
131 8 
121 6 
I751 
105 
by a sisarp&e year class, as in school 11, results are more similar 
for the two types of gear, 
Tarn1 A- Ccsmposition for Spawnincr Season. Total percentaue 
age cumpasition by number and by weight of herring was calculated 
for the entire spawning season based on two separate biomass esti- 
mates: PI the sum of MRR's spawning biomass estimates plus commer- 
cial (Table 3 ) ;  2) our hydroacoustic biomass estimates (Table 
3). To calculate total percentage age composition by weight, 1983-84 
mean w e i a t  at age values (Table 10) were used along with percentage 
age ccmgmsitian by schaol from Table 11 (for schools 2 and 3 )  and 
Table 12 (schools 4-12), To calculate total percentage age composi- 
tion by mmnber ,  mean length by school, from Tables 4 (schools 2 and 
3), 6 (schocslc 4-12), and 7 (schools 7-11), was converted to mean 
weight, using: Appeadir G.  Each biomass estimate for each school was 
divided by the aippropiate aean weight, and numbers in each school 
were summed. 
Remalts shuw that the 1982 yr class ( 2  yr-olds) contributed 
approxha.ttly 45% of the total spawning biomass by weight, and 
approximately 60% by number (Table 13). Relative proportions of all 
year c9asses were fairly siailar based on both methods of estimating 
biomass, The stsmgth af the 1982 yr class may be artificallg high 
relat&v@ to older year claa~es because of the possible displacement 
of older fish jin .the first part of the season. 
Aue d H ~ i o r h t  
Heam w e i g h k  at age for fish that were weighed and aged by oto- 
lit- sfas indicative of poor growth conditions during 1983. Weight 
- at agu? averaged 16% less khan historical values from San Francisco 
TABLE 13. Total Percentage Age Composition f o r  1983-84 Spawning Season I n  San Francisco Bay Based 
on MRR and MRS Biomss Estimates. 
Percent By Number 
Age (yr )  
2 3 4 5 6 7 8 
from MRR spawning 
biomass estimate and 62.9 11 .I 13.0 9.5 2.7 0.6 0.2 
commercial catch. 
from MRB hydro- 57.8 11.3 13.8 12.3 3.8 0.8 0.2 
acoustic biomass 
estimate . 
, Percent By Weight 
Age (yr )  
2 3 4 5 6 7 8 
from MRR spawning 
biomass estimate 48.7 12.3 17.4 15.8 5.0 0.7 0.1 
and comercia1 \ 
catch. 
from MRB hydro- 42.9 11.9 17.7 19.4 6.6 1.4 0.1 
acousti c b i  o- 
mass estimate 
Bay fish (Spratt 1981) and ranged from 10% for 2-yr olds to almost 
20% for 8-gr olds (Table 10). > / 
- Spawning and Physical Factors 
Temmrature and Salinity 
Temperature between the surface and 20 m at Peninsula Pt., San 
Francisco Bay, ranged from 10.0 to 16.2 C for the month of November 
to March spawning season (Figure 9, Appendix J). Temperature 
declined fram early November to early January and slowly increased 
during &Be rest of the survey period. For the first half of the 
season surface temperature, indicative of spawning conditions, was 
1-2 C lower than at 15 m, indicative of pre~pawning schooling condi- 
tions. from mid-February to the end of the survey period, mild 
weather conditions reversed the normal winter temperature pattern by 
depth, There is little evidence to suqgest that spawning is trig- 
gered by estuarine temperature changes. 
Salinity profiles usually were obtained during incoming or 
high tide portians of the tidal cycle to standardize measurements 
when possible. Salinity at Peninsula Pt. during the survey period 
ranged from 8.2 to 28.5 ppt at the surface and from 23.6 to 31.5 ppt 
at 15 m (figure 9, Appendix K). Heavy rainfall in November ~ 3 d  
December depressed surface salinities during that period. PYzcipi- 
tation during the rest of the season was light and surface and 15 m 
salinities w e r e  fairly similiar. The absence of a strong halocline 
is in marked contrast to last season's heavy rainfall, reduced 
surface salinities, and a sharp change in salinity between 5 and 
. 10 m in February and March. The relatively fresh surface water 
apparently inhibited spawning of herring in the Peninsula Pt. area 
' (Reilly and Moore 1983). 

T k  1981-1982 herrrkmq season was also an unusually wet winter 
and marked the k g i n n f q  of three seasons of extensive spawning i n  
South %ay. Before tbXa time major South Bay spawns had not occurred 
for at least 10 years ISgratt 1981). A small number of temperature- 
salinity profiles f r m  central South Ray were taken this season. 
Salinity at a parkicuLar depth generally was within 2 ppt of that in 
North Flay during dry pariictds. However, the North Bay is more 
dynamic with largcer s a l b n d t y  fluctuations influenced by heavy rain- 
fall d Delta oartfloto, SouQ;h Bay fluctuations are less rapid due to 
limited circulation mixing. 
Trawl studies by *he Bay-Delta Project found an unusually high 
incidence of oceanic LaYvaZ fishes in the South Ray during the wet 
winters of 1981-82 and 1982-83. A possible mechanism for this was 
that increased W l k a  ~ ~ ~ a c ~ l e  outflows created a subsurface influx of 
marine water to the S w k b  Bag. This produced a more favorable 
envirorment ( i - e .  o p t k l  salinity range) for spawning. However, 
last year was not u n u d l y  wet and extensive spawning still occur- 
red in South Bay. This suqqests that other factors in addition to 
salinity are invdved Zm spawning site choice. Coincident wikh the 
wet winters begiminq tn k981-82 was a marked decrease in t h ~  size 
and density of alqal beds 4ysrir.z~rily Gracilaria and mt? .- : ,:>I in 
! !or th  Ezy. Loss cf 'prefer26 s~3wninq substrate in Nct-t;-. -..:.r niay 23 
snother contributing facrter to the shift in spawning 1acati:m. 
Tides. f .~ru~p,etric P z - e s ~ ,  and Qainfall 
from Octcrkr 1463 tho March 1984 there were 10 tidal cycles in 
which the highest t i d e  !.dtlMTTIng a 24-hr period occurred at night 
(sunscc ts sunrise) ( F Z g w r e  10). Spawning occurred during nine of 
- 

these cycles and, as seen %n the past season, was correlated with 
them. However, not all f i w s  took place during night high tides. 
.- 
< 
The probability is high that tides are a major influence on the 
timing but not the locathm of spawns. 
There appeared to be little correlation this year between the 
onset of spawning and periads of falling barometric pressure ((30.0 
in. Hg) (Figure 10) as was noted during the 1981-82 season. 
Numerous periods of fa l lhy  pressure occurred in the first 3 months 
of the season with little *related spawning. 
me majority of t& htaf rainfall during spawning season fell 
in November and December (Figure 10). Periods of significant 00.1 
- 
in,) rainfall throughou~k the rest of the season contributed little 
to the season total of 15.6 in. Heavy rainfall and associated 
reduced salinities prabably bid little to inhibit spawning since 
typically large schools; of herring were not present in the Bay 
during that periad. 
Y o w - & - t h e - H e a t  Herring 
Young-of-the-year {YW) herring hatch from late fall until the 
end of winter and remain 5zn San Francisco Bay through the end of 
tiummer. The Bay-Delta Prafect has conducted midwater trawli~q 
monthly since 1980 at spprax5mately 35 Bay stations. A t-ve 
correlation has been ob~erued for the past three herring s .  z . . . ~ n s  
between the relative abunda~~ce a% YOY herring from Bay-Celta's 
spring and summer trawls and the resultant year class strength of 
newly recruited 2-yr-ax& Enerring in the Bay fishery. catches of YOP 
herring were relativexy h.&#h ia 1980 and 1982 (Table 14)  and these 
two ccihorts are provir,q to be relatively strong.  he 1981 yr 
class is relatively w e a k v  4 data from summer 1983 .ampling (Table 
14) indicate that the 1983 yr class also will be poor. 
;.mplcs o f  YC ;' herring fvm San Fr~rcisc L Z ; during Jw.e, J u l y ,  and 
c;e caphared in the Bay durEng $jommbcr ar,d i3ecember 1983 rang& from 
TllBE 14. Mctnthly Average Catch per Tow o f  Young-of-the-Year P a c i f i c  
Herring i n  San Francisco Bay, Apr i l  t o  August, 1980 t o  1983.- 
Year 
1980 1981 1982 1983 
N u m b e n a t c h  Numbe-atch ~ u m b e r a  tch N u m b e r a t a h  
RbWh o f  tows per tow o f  tows per tow of tows per tow o f  tows per tow 
Rpr-61 33 33.1 34 11.8 35 19.3 35 0.9 
~ ! ! t a  from Bay-Delta Project ,  Department o f  Fish and Game Stockton. 
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APPENDIX A. Sumnary Qb hbh19t Herring Samples from San Francl sca Bay, 
November P!K3 Um March 1984. 
Sample 1.i 2/ Number Number Ass gned nuher Date Locatfm- hr-measured aged school number 
1 37 Nov 21 
138 Nov 23 
1 39 Nov 30 
1 41 Dec 7 
142 Dec 7 
143 Dec 13 
14% Dec 16 
145 Dee 19 
146 Dec 19 
147 Dec 20 
148 Dec 20 
149 k c  21 
150 k c  21 
151 k c  26 
152 k c  28 
1 53 k c  28 
1 54 Dec 30 
155 k c  30 
156 Jan 2 
1 57 Jan 4 
158 Jan 4 
159 Jan 4 
160 Jan 4 
161 Jan 5 
162 Jan 5 
163 Jan 9 
164 Jan 9 
165 Jan 11 
166 Jan 11 
167 3an 13 
168 Jan 13 
7 69 Jzn 16 
170 Jan 16 
171 Jan 16 
172 G2.n 18 
7 73 C ; - R  15  
1 74 * . P .". . . . .,T c 
. - 
- .. k ;b :. :.. 
.; J . "  - _ r .  
# i . , I  ,-. 
.. . . ;J' ..-;a  .- . . 
I r -. 1 ;:; - C . .  <, 2 i..: 1.;. . . - 7  
* 1 J . - . . ,  . . - .... .. r 
i l.2 ;&i2 -,;; -
1 :<I &n 25. 
3 z.2 P -  dan s:: 
123 27 
7 54 ,j:q - 6  5: 
PP 
PP 
PP 
SAUS 
S AUS 
P P 
AY 
AY 
RAC 
PP/AY 
WC 
PP/AI 
mc 
BELV 
BELV/PB 
P P 
BELVIPP 
P P 
PP/Wrn 
RICH 
KI RB 
SAUS 
KZ RB 
RICH 
WANG 
SB 
SB 
SB 
SS 
SB 
S B 
AY 
SB 
Z 3 
C? 
4 e 
: 3 
. APPENDIX A. (continued) 
Sample  1 / 2/ Number Nunher Assigned number Date L o c a t i  o p  , Gear- measured aged school number 
Jan 30 
Feb 1 
Feb 1 
Feb 3 
Feb 3 
Feb C 
Feb 6 
Feb 7 
Feb 7 
Feb 7 
Feb 7 
Feb 7 
Feb 7 
Feb 8 
Feb 9 
Feb 9 
Feb 10 
Feb 13 
Feb 13 
Feb 15 
Feb 16 
Feb 16 
Feb 16 
Feb 17 
Feb 17 
Feb 17 
Feb 17 
Feb 20 
Feb 20 
Feb 20 
Feb 20 
Feb 21 
Feb 23 
Feb 23 
Feb 23 
Feb 24 
Feb 24 
Feb 27 
Feb 27 
Feb 27 
Mar 2 
Mar 2 
Mar 2 
SB 
SB 
FTBK 
AY 
PP 
S B 
T I B  
P P 
SAUS 
SAUS 
SAUS 
SB 
SB 
P P 
ALC 
FTBK 
P P 
PPARK 
PPARK 
AY 
H P 
SAUS 
SAUS 
SAUS 
S AUS 
AY 
WC 
HP 
HP 
P P 
PP 
RICH 
PFA 
DIABLO 
DIABLO 
SB 
SB 
SAUS 
PP 
P P 
SAUS 
SAUS 
SAUS 
Mar 2 SAUS 
Mar 5 SAUS/BELV GN6 
Mar 5 SAUS RH 
lYar 5 SAUS RH 
M a r  5 SAUS RH 
M a r  7 SAUS RH 
GN6 
CGN* 
RH 
GN6 
MT 
GN6 
GN6 
MT 
RH 
RH 
RH 
MT 
GN6 
RH 
RH 
RH 
RH 
MT 
RH 
GN6 
GN5 
RH 
RH 
RH 
RH 
GN6 
MT 
GN6 
CGN* 
RH 
RH 
GN6 
MT 
RH 
RH 
GM6 
MT 
RH 
RH 
RH 
MT 
RH 
RH 
RH 
APPENDIX A. (continued) 
Date 
Mar 7 
Mar 7 
Mar 7 
Mar 14 
Par 14 
Mar 16 
Mar 16 
Mar 19 
SAUS 
SAUS 
RICH 
FTBK 
FTBK 
PP 
PP 
PP 
Number Number Assfgned 
measured aped ,., . schmF number 
29 0 11 / . 
21 4 2 " I 1  
275 0 11 
31 1 1'1 
15 1 11 
13  4 12 
95 51 12 
8 2 23 12 
Yl.egend: .4LCdtcatrar Island- AI-Ayala Cove, Angel Island; BELV- 
Belvedere Cave; DTABLO-Pt . Diablo , Go1 den Gate; FTBIC- 
Fort Baker: #?-Hunter's Point, Soumt;h Bay* KIRB-Kirby 
Cove, Golden Csate; PFA-Palace o f  Fine Arts, Ssn Francisco; 
PP-Peninsula Po9nt; PVRK-Paradi se Park, Tiburon; RAC- 
Paccaon S t r a i t ;  RICH-P,ichardson Bay: SPUS-Sausal i t o  t o  
Yellow Bluf f *  3-South San Francf sco Bay between Oakland 
Bay Bridae and Hunter's Point; TI-Treasure Island; TIB- 
Tibwron be- k r a d f s e  Park and Raccoon S t r a i t ;  WANG- 
western share? ine , Angel f sl and. 
YLegend: CGN- comerdal g i l l  net ,  2.25-in.mesh 
C G W -  c o m e r c l a l  g i l l  net, 2.125-in.rnesh 
CGHM- camercfal gtlf net, 2.19-in.mesh 
GN5- 5-panel gf l l  net, mesh sizes 1.5, 1.75, 2.& 2.25, 2.5 fn. 
GN6- 6-panel US 11 net ,  mesh sizes as a bow p l u s  1.25 i n .  
MT- 12- by 124% (muth openinq) midwater trawl 
RH- ~ ~ r c i a l  purse sef ne or 1 ampara n e t  
g ~ a s e d  sample, not used 4bsr comparisons between schools. 
APPENDIX B. Number o f  P a c i f i c  Her r ing  by Body Length (2-mm Intervals)  
from 1.5- t o  2.5-in.Mesh Array Gl l l  N e t  Samples i n  San 
Francisco Bay, November 21, 1983 to February 16,  1984. 
S i  ze 
Interval Sample number 
137 138 141 144 145 147 149 151 152 - 
fl 8 6 
Mean 208.7 192.5 
Std. dev. 6.1 7.0 12.4 7 .4  11.1 10.4 8.5 7 . 3  9 .4  
WENDIX 8. (continued) 
Stxe 
Sample number 
154 157 161 164 166 169 170 173 204 - 
, 
APPENDIX C. Number o f  Pac i f i c  He r r i ng  
f r o m  1.25- t o  2.5-in, Mesh 
Francisco Bay, January 20 
Sf re 
by Body Length (2-m Intervals) 
Array G i  1 1  Net Samples i n  San 
to March 16, 1984. 
i n terval Sample number jmm)  174 176 177 181 183 185 188 190 136 ' 
N 69 
Mean 173.0 
APPENDIX C. Qcontinued) 
Sixe jnterval Sample number 
em) . 8% 203 . 209 2 1 1 ,  215 219 , 2 2 8  233 236 238 
APPENDIX D o  Number of Pacif ic  Herring by Body Length (2-mm Intervals) 
from Midwater Trawl Samples in San Francisco Bay, December 
19, 1983 to March 19, 1984. 
S l  re 
interval Sample number 
Jmn) 146 148 150 153 155 156 158 163 172 , - 
120-1 39 
140-141 
142 
144 
146 1 1 
148 1 
150 
152 1 
154 
156 1 
158 1 1 
160 
162 
164 
166 1 
168 
170 1 
172 1 
174 
176 1 2 
178 
180 1 
182 
184 
186 2 3 
188 1 
190 
192 1 
194 1 
196 
198 
200 1 
202 
204 
206 1 1 
208 
21 0 1 
21 2 
21 4 
21 6 
21 8 
220 
N 10 16 
Mean 178.4 177.0 
Std. dev. 20.3 17.7 
S h e  
interval Sanple  number jm) 1 182 I84 189 191 195 201 210 .. 216 
Rean , 16t.l IM,O .9 157.6 153.4 156.4 
Std. dev, 17.5 78-7 06.9 14.0 8.6 12.3 
A P P ~ D I X  D. (continued) 
Size interval 
- -  
interval Sample number 
(mn) 220 224 235 237 239 240 
N 79 106 275 15 95 82 
Mean 155.1 159.5 162.7 155.7 157.7 159.3 
Std. dev. 11.9 , 12.2 16.4 9.6 8.5 14.8 
APPENDIX E, lhber  of' R d f i c  Herring by Body Length (2-m ~ n t e r v a l s )  
fmm b e a t  Purse Seine And Lampara Net Samples lr! San 
Franc%- r$iaj*  January 23 to March 7, 1984 
SIZE! 
fnterval Sample number 
(m) 138 179 187 192 193 194 197 198 199 * 
Sample number 
205 206 207 208 
W E W D I X  E. (continued) 
Sample number 
223 225 226 227 229 730 
13 9 3 8 8 6 . -  
1 5 2 4 3 
3 4 3 3 2 5 
5 8 2 3 4 3 
2 17 3 7 4 5 
5 8 3 12 6 3 
5 15 1 6 8 7 
3 13 11 12 13 3 
8 9 8 10 15 6 
13 18 8 2 2 11 ! 4 
21 11 9 78 9 1 2 
8 19 14 14 8 14 
13 17 6 19 16 14 
21 21 7 15 10 14 
10 18 6 10 9 9 
14 11 4 3 8 .  6 
4 8 3 6 3 2 
4 4 4 4 7 6 
6 2 1 5 2 3 
5 3 2 1 1 3 
3 3 2 4 2 2 
APPENDIX E. (contf nued 1 
Size 
f nterval 
(am) 
120- 1 39 
'540-1 41 
142 
144 
146 
148 
1513 
Sample number 
231 2321' 234 
N 179 135 214 
Mean 160.6 152.9 157.6 
Std. dev. 14.9 12.0 13.6 
IJ Biased sample; pune seine missed the school. These f i s h  were caught 
incidental ly  and probably are under-re~resenta tive o f  larger f i s h  . 
Sample not used i n  comparisons between schools. 
APPENDIX F. Number o f  tbcific Iferrfng by Rody Length (2-m Intervz? s) 
f r o m  Commercial G i  I T  Net Samples i n  San Francisco Lay, 
Wsvember 30, 1983 ta February 20, 1984. 
51 ze 
dnterval 
Imm) 
180-1 81 
182 
184 
186 
188 
190 
Sam~lc m b e r  and msh s i z e ( i d  
139 142 143 153 160 162 155 
2-25 2.25 2-25 2.725 2.125 2.19 2.125 
1 1 1 
4 
2 2 4 
1 1 
2 2 1 4 4 
3 4 8 
N 219 89 77 88 61 175 98 100 109 
Kean 210.1 205-5 ZfLT.9 20Q.I 204.5 202.4 197.7 201.1 232.0 
Std.dev. 8.1 6.8 7.7 6.7 6.7 7.8 7.2 8.0 8.6 
APPENDIX F. (continued) 
Sf ze Sample nmber and mesh size( in3  
interval 171 280 186 212 
0 . 1 2 5  2.125 2.125 2.125 
176-1 77 1 1 
ti 53 142 34 57 
Mean 196.3 197.8 396.6 198.9 
Std. dev. 7.5 6.9 9.0 6.2 
WPEWXX 6, Predicted Wefght a t  Length for P a c i f i c  Herring fran 5sn 
Francisco Bay, November 1983 tm hrch 1984. 
w y  . WeWt (gm) 1 
m?* (m) mles Ferrral es 1 / Sexes cwnbi ned '3973-1 977 cambi ned- 
APPENDIX 6. (con t f  wed) 
Body Weight (gm) 
Ma 1 es Females Sexes - cornbi ned 1973-1 977 comb1 ne&' 
21 2 130.0 131 .O 131.7 141 .O 
21 4 133.9 134.7 135.6 145.4 
21 6 137.9 138.5 139.6 149.8 
21 8 142.0 142.4 143.7 154.3 
220 146.2 146.3 147.9 158.9 
222 150.5 150.4 152.2 163.7 
224 154.8 154.4 156.5 168.5 
226 159.2 158.6 160.9 173.4 
228 163.7 762.9 165.5 178.4 
230 168.3 167.2 170.1 183.5 
I /  Weights ca lcu la ted  fm equatton i n  S p r a t t  (1981) f o r  San Franciscc 
- Bay herring sampled Qran 1973 t o  1977. 
IlpRXDIX H. Egg bunts from Unripe P a d f i c  Herring f r o m  hn Frmrtc3sco 
Bay, November 1983 t o  March 1984. 
~ ~ E R / D E C ~ E R  
Lengtla[m) ~ e f  uht (gm) No. eggs 
JANUARY 
Length (mm) Welgh t(gm) Ko . e ~ g s  
APPENDIX H. (contf mrrsd) 
JANUARY 
Length(m) Veiuht (g) No. eggs 
FEBRUARY /MARCH 
Length(mrn) Wei ght(gm) No. eggs 
- 
Rmbes ab Pzrdfic Herring a t  Age by Body Length (2- 
llktemals) frnmm Commercial Gill Net Samples, San 
Fmnciisco Bay, November 1983 t o  February 1984. 
Sfae f ntervitl Age (years) 
(4 8 5 6 7 8 9 
an-201 3 2 
262 2 
204 1 3 
206 2 3 1 
m 2 .  1 2 1 
ZFQ P 3 9 10 4 
212 3 8 8 2 
2M 6 8 5 1 
2x6 5 7 5 
2x8 'I 2 1 2 
22a 3 2 
2.22 5 1 
a 4  3 
22% 1 3 
m 
2343 1 
232 1 
APPENDIX J. fmpera&m (C) Prof lles o f  San Frand sco Bay a t  
Peninsula Pt., November 2, 1983 t o  April 2, 1984. 
Depth 
Date Surface 5 m  1 0 m  1 5 m  20m 
-
20 
21 
23 
26 
28 
30 
Jan 2 
4 
5 
6 
9 
11 
13 
15 
18 
20 
23 
27 
30 
Feb 3 
6 
,7 
9 
10 
15 
17 
APPENDIX J. (contl nued) 
Oa te 
mth 
Surface 5 m  .. 1 O m  T 5 m  2 0 m  
Feb 20 12.4 12.2 . 12.2 12.2 12.2 
21 2 12.1 1 2  12.2 12.2 
APPENDIX K. Salinlty (ppt) Profiles of San Francisco Bay a t  
Peninstgla Pt., November 8, 1983 t o  April  2, 1984. 
Rep t k  
Date Surface 5 m 30 m 15 n 20 m Tidal s ta te  
Nov 8 
11 
14 
16 
18 
21 
23 
26 
28 
30 
Dec 2 
4 
5 
7 
9 
12 
14 
16 
19 
20 
21 
23 
26 
2 9 
30 
Jan 2 
4 
5 
6 
9 
11 
13 
16 
18 
20 
2 3 
2 7 
30 
Feb 3 
6 
7 
9 
10 
15  
17 
20 
2 1 
Flood 
Ebb 
High 
High s l ack  
High s l a c k  
High 
Flood 
Low 
High s l ack  
High 
High 
High 
Flood 
High 
High 
High s l a c k  
High 
High 
High 
H t  gh 
High 
Flood 
Fl ood 
High s l ack  
High s l a c k  
High 
H i a h  
High 
High 
Low s lack  
F1 ood 
High 
High 
High 
Flood 
Flood 
High s l a c k  
Flood 
High 
High 
Flood 
Flood 
Ebb 
Flood 
Flood 
High 
Low 
WPENDIX K. (continued) 
lb te .  Surface 5 m  
Bsb 23 21.4 24.4 
27 25.5 28.2 
Rhr 1 26.9 28.7 
2 27.1 28.6 
5 25.4 27.0 
7 22.7 27.8 
9 20.3 21.2 
Depth 
10, m 15 m 
26.4 26.4 
30.2 30.3 
29.0 29.4 
28.9 29.1 
28.0 28.1 
28.5 28.7 
23.0 26.4 
Tidal  state 
Flood 
High . 
High 
High slack 
High 
High 
Low 
14 27.1 28.7 28.8 28.8 28.8 High 
16 26.1 27.3 27.5 27.5 27.5 Flood 
19 25.6 27.3 27.7 28.0 28.2 Flood 
2 1 22.5 23.2 23.1 23.6 25.0 Flood 
23 19.7 21.4 22.5 25.8 27.2 Low 
2 6 24.0 28.0 28.2 29.5 29.7 High slack 
28 25.7 29.3 29.5 29.7 30.1 High 
30 24.6 26.9 28.3 28.9 29.2 Flood 
3 23.6 25.1 26.3 27.4 28.0 Flood 
